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Highlights

Trends in National R&D Performance

U.S. R&D expenditures continued to rise in 2008, out-
pacing the overall expansion of the nation’s economy.

4 NSF estimates that overall spending on R&D conducted
in the United States was $398 billion (current dollars) in
2008, up from $373 billion in 2007. This increase repre-
sents growth in 2008 of 6.7% over the 2007 level, or 4.5%
in inflation-adjusted 2000 dollars. However, this 2008
figure may not fully reflect the effects of the downturn in
U.S. and global economic conditions that intensified in
late 2008.

4 National R&D spending has increased mostly uninter-
rupted since 1953. Over the past 20 years, growth in R&D
spending has averaged 5.6% in current dollars and 3.1%
in constant dollars—somewhat ahead of the average pace
of GDP growth over the same period (in both current and
constant dollars).

The business sector accounts for most U.S. R&D perfor-
mance and funding.

4 The business sector performed an estimated $289 billion
of R&D in 2008, or 73% of the U.S. total, drawing on
both business and federal sources of R&D support. The
business sector itself provided an estimated $268 billion
of funding for R&D in 2008, or 67% of the U.S. total;
almost all of it supported R&D performed by business.
Over the past 5 years, expanded business spending has
accounted for much of the nation’s R&D growth.

4 The academic sector is the second-largest performer of
U.S. R&D, an estimated $51 billion in 2008, just under
13% of the U.S. total.

® The federal government is the second-largest funder of
U.S. R&D, providing an estimated $104 billion, or 26%
of the U.S. total in 2008.

U.S. R&D is dominated by development expenditures,
largely performed by the business sector, and most basic
research is conducted at universities and colleges.

4 In 2008, basic research was about 17% ($69 billion) of
the U.S. total, applied research was about 22% ($89 bil-
lion), and development was about 60% ($240 billion).

4 Universities and colleges historically have been the main
performers of U.S. basic research, an estimated 56% of
total U.S. basic research in 2008. The federal government
has been the prime source of basic research funding, ac-
counting for 57% of the nation’s total in 2008.

4 The business sector, which currently accounts for more
than half of all U.S. applied research funding, spends
more than four times as much on applied research as on
basic research.

4 Development in the United States is chiefly a business
sector activity, which performed 90% of the total devel-
opment in 2008 and provided 84% of the funding. Most
of the rest of development funding is provided by the fed-
eral government.

Location of R&D Performance

R&D is geographically concentrated, and states vary sig-
nificantly in the types of research performed within their
borders.

4 In 2007, the 10 states with the greatest R&D expenditure
levels accounted for 64% of all U.S. R&D expenditures.
California alone represented 22% of U.S. R&D—triple
that of Massachusetts, the next highest state. New Mexi-
co, Massachusetts, and Maryland had the highest R&D-
to-GDP ratios in 2006. California ranked seventh in
R&D/GDP intensity.

¢ Massachusetts, Illinois, California, and Texas accounted
for about two-thirds of the R&D performed by computer
and electronics products companies in 2007; New Jersey,
Connecticut, and Pennsylvania are the leaders in chemi-
cals manufacturing, accounting for 41% of the R&D in
that industry.

4 Nationally, small companies (defined as having from 5 to
499 employees) perform 19% of the nation’s total busi-
ness R&D. The R&D performance of these small com-
panies is concentrated geographically. Among the top 10
business R&D-performing states, New York and Califor-
nia had the highest totals of small companies performing
business R&D, with 23% and 20%, respectively.

Business R&D

Business sector R&D rose to its highest level in 2007. Al-
though 2008 projections show additional growth, they do
not reflect the effects of the U.S. economic downturn.

¢ R&D performed by the business sector is estimated to
have reached $269 billion in 2007 and is projected to have
increased to $289 billion in 2008.

4 The company-funded R&D-to-sales ratio of companies in
all industries performing R&D in the United States varied
between 3.2% and 3.4% during 2003—-06; in 2007 it was
3.5%.

4 Over three-fourths of business R&D is performed in six
business sectors. The R&D-to-sales ratio for these sectors
as a group was 8.0% in 2007, compared with 1.4% for all
other business sectors.
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Federal R&D

Federal R&D spending continued to grow in recently
proposed and enacted budgets and received further in-
creases through the American Recovery and Reinvest-
ment Act.

4 Budget appropriations for federal spending on R&D in
FY 2009 totaled $147.1 billion (current dollars), an in-
crease of $3.3 billion (or 2.4%) over the enacted FY 2008
spending level. The proposed overall increase for FY
2010 is smaller (0.4%).

¢ However, the American Recovery and Reinvestment Act
(ARRA) of 2009 included a one-time additional increase
in R&D funding that is estimated to total $18.3 billion in
FY 2009.

4 In the FY 2009 budget, increases in R&D funding were
greatest for the National Institutes of Health (NIH), the
Department of Energy (DOE), and the National Science
Foundation (NSF). Along with the National Aeronautics
and Space Administration and the National Institute of
Standards and Technology, these agencies also received
the largest increases from ARRA.

4 Defense continues to be the largest function in the federal
R&D budget. It accounted for 59% of the federal total
(budget authority) in FY 2008.

4 The most dramatic change in national R&D priorities
over the past 25 years has been the large rise in health-
related R&D, which grew from 25% of the federal nonde-
fense R&D budget in FY 1980 to 55% in FY 2005. In FY
2008, health accounted for 52% of the nondefense R&D
budget.

Federal R&D Tax Credit

4 Along with direct funding of R&D, the government also
promotes the conduct of R&D through tax incentives.
About 11,000 U.S. companies claimed an estimated $7.3
billion in federal research and experimentation tax credits
in 2006, compared with $6.4 billion in 2005.

International R&D Comparisons

Many countries conduct R&D, but much of global R&D
performance continues to be concentrated in a few high-
income countries and regions.

¢ Worldwide R&D expenditures totaled an estimated
$1.107 trillion in 2007 (the latest year for which data are
available). The United States accounted for about 33% of
this total. Japan, the second-largest performer, accounted
for about 13%. China was third, at about 9%. Germany
and France, respectively, fourth and fifth (and the largest
performers in Europe), accounted for 6% and 4%, respec-
tively. The top 10 countries (also including South Korea,
the United Kingdom (UK), the Russian Federation, Can-
ada, and Italy) account for almost 80% of current global
R&D performance.

¢ 45

4 The 27 nations of the European Union (EU-27) accounted
for about 24% of global R&D. R&D by the EU-27 grew
at an average annual constant dollar rate of 3.3% between
1997 and 2007. By comparison, the U.S. pace of growth,
on the same basis, averaged 3.3%.

4 Recent growth in R&D expenditures has been most dra-
matic in China, averaging just above 19% annually in
inflation-adjusted dollars over the past decade.

Wealthy economies generally devote larger shares of
their gross domestic product (GDP) to R&D than do less
developed economies.

4 The U.S. R&D/GDP ratio was 2.7% in 2007 and has fluc-
tuated between 2.6% and 2.8% over the past 10 years,
largely reflecting changes in business R&D spending. In
2007, the United States ranked eighth among the econo-
mies tracked by the OECD; Japan, South Korea, and sev-
eral smaller developed economies had higher ratios.

4 Among the major European R&D-performing countries,
Italy (2006) and the Russian Federation (2007) had R&D/
GDP ratios of 1.1%. The UK ratio was 1.8% in 2007, and
those of France and Germany were 2.1% and 2.5%, re-
spectively, in 2007. Canada’s R&D/GDP ratio was 1.9%
in 2007. Over the past 10 years, these ratios were stable
or changed only modestly.

¢ R&D/GDP ratios increased substantially in Japan, South
Korea, and China over the past 10 years. The Japanese
and South Korean ratios were among the highest in the
world in 2007, at 3.4% and 3.5% respectively. China’s
ratio remains relatively low, at 1.5%, but has more than
doubled from 0.6% in 1996.

Among the countries with the largest R&D expenditures,
the business sector accounts for the bulk of total R&D
performance.

4 Among the top 10 countries for R&D expenditures, the
business sector is the largest R&D performer, ranging
from 77% for South Korea and Japan to 49% for Italy.

4 No single industry accounted for more than 18% of total
business R&D in the United States in 2007; many other
countries displayed much higher industry and sector con-
centrations.

4 The pharmaceuticals industry accounts for more than
25% of business R&D in Denmark and the United King-
dom, and more than 20% in Belgium and Ireland. The
computers, office and accounting machines industry
represents only a small share of business R&D in most
countries; only Japan reports a double-digit concentration
of business R&D in this industry. The service sector ac-
counted for 30% or more of all business R&D in many
countries of the Organisation for Economic Co-operation
and Development (OECD), including the United States.
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R&D by Multinational Companies

Multinational companies (MNCs) represent a substantial
component of U.S. R&D. Overseas R&D by U.S. MNCs
reflects gradual changes in their geographic focus.

¢ Majority-owned affiliates of foreign-based MNCs spent
$34.3 billion on U.S. R&D in 2006, up from $31.1 billion
in 2005. Their U.S. R&D expenditures have grown faster
than total U.S. business R&D and have represented about
14% of U.S. business R&D since 2003, up from the single
digits in the early 1990s.

4 U.S. MNCs performed $216.3 billion in R&D worldwide
in 2006, including $187.8 billion in the United States
by parent companies and $28.5 billion by their overseas
affiliates. The R&D by MNC parents represented 87%
of their global R&D and about 76% of total U.S. busi-
ness R&D. Both shares have changed little in recent
years. However, the geographic distribution of R&D by
their overseas affiliates is gradually reflecting the role of
emerging markets.

4 Europe, Canada, and Japan accounted for a decreasing
share of R&D by overseas affiliates of U.S. MNCs, repre-
senting 90% in 1994 and 80% in 2006. Over the same pe-
riod, the share performed in Asia (excluding Japan) rose
from 5.4 % to 13.5%, driven by affiliates’ R&D spending
in China, Singapore, and South Korea.

4 R&D performed by U.S.-owned affiliates located in Chi-
na and India increased from less than $10 million in each
country in 1994 to $804 million and $310 million, respec-
tively, in 2006. Although the 2006 levels for China and
India represented only about 3% and 1%, respectively,
of total overseas R&D by U.S. MNCs, funding levels in
some lower cost locations may still be significant from
the perspective of purchasing power.

Technology and Innovation Linkages

Federal agencies and laboratories continue to engage in
collaborative and technology transfer activities. Busi-
ness increased its R&D funding to contractors within the
United States.

@ Federal agencies participated in more than 7,000 formal
Cooperative Research and Development Agreements in
2007 and more than 9,000 less formally structured collab-
orative R&D relationships. Federal agencies issued more
than 1,400 patents in 2007 and held more than 10,000
active licenses based on their total stock of intellectual
property.

4 Businesses in the United States reported contracting out
an estimated $19.0 billion in R&D to other U.S.-located
companies in 2007, compared with $12.4 billion in 2006.
This increased the ratio of contracted-out R&D to com-
pany-funded and company-performed R&D from 5.5%
in 2006 to 7.8% in 2007. For manufacturers, the ratio
reached 8.5% in 2007, up from 5.7% in 2006.

International trade in R&D services and technology
alliances indicate the role of external sources and co-
operative arrangements aimed at acquiring or jointly
developing new knowledge.

4 In 2007, the United States maintained a trade surplus in
research, development, and testing services of $3.3 bil-
lion. Trade within MNCs dominates these statistics—
which is not surprising, given their large role in U.S.
R&D performance.

4 Almost 900 worldwide business technology alliances
were established in 2006, approximately two-thirds of
which involved at least one U.S.-owned company regard-
less of location. Since 1999, the proportion of U.S.-for-
eign alliances has surpassed U.S.-only alliances, a change
driven by rapid growth in alliances with European com-
panies. However, in 2006 the number of U.S. alliances
with Asian non-Japanese partners (50) reached parity
with U.S.-Japan alliances (54), reflecting growth of the
former since 1990.
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Introduction

As we come to the end of the first decade of the 21st
century, global economic trends are leading governments
of most nations to implement financial market support
measures and economic recovery packages. These policies
often include measures to stimulate productivity, growth,
and innovation through support of R&D—widely viewed
as a long-term contributor to economic growth and national
competitiveness.

The importance accorded to investment in R&D and
innovation in public policy discussions is reflected in the
national and international initiatives that help us better
understand and measure their results. The America COM-
PETES Act (Public Law 110-69) and the American Recov-
ery and Reinvestment Act of 2009 (Public Law 111-5) both
address the importance of the U.S. innovation system for
national economic growth.

¢ 4-7

Federal statistical agencies seek to incorporate R&D in
the system of national accounts to measure, for example,
its relation to gross domestic product (GDP) and produc-
tivity growth. These agencies are also exploring the role of
cross-border investment in R&D and other intangibles. The
National Science Foundation (NSF) is conducting a new
Business R&D and Innovation Survey to collect a broad
range of indicators that will form a platform for future mod-
ules on innovation. (See sidebar “New U.S. Business R&D
and Innovation Survey.”)

An ongoing project conducted by the Organisation for
Economic Co-operation and Development (OECD) to design
an Innovation Strategy examines how changes in the innova-
tion enterprise of OECD member nations may affect their
ability to achieve certain government and socioeconomic
goals. Concurrently, the OECD, United Nations Statistical
Commission, and other international bodies are collaborat-
ing to update or develop statistical manuals on intangibles,

New U.S. Business R&D and Innovation Survey

To better understand how R&D is conducted in today’s
innovation- and global-based economy and to investigate
ways to improve NSF’s portfolio of R&D measurements,
NSF commissioned a study by the National Research
Council’s Committee on National Statistics (CNSTAT)
in 2004. The committee published its findings in the 2005
report Measuring Research and Development Expendi-
tures in the U.S. Economy (NRC 2005a). The essence of
CNSTAT’s concerns and recommendations centered on
the finding that a new, more comprehensive survey was
needed to “keep up with the fast-changing environment
for the conduct and organization of research in the private
business sector” (NRC 2005a, p 4).

In early 2009, NSF and the U.S. Census Bureau
launched a new Business R&D and Innovation Survey
(BRDIS). The survey covers manufacturing and service
companies and includes questions on a broad range of
R&D topics (listed below). The survey also begins to
collect innovation data, with the ultimate objective of
increasing the number and breadth of innovation-related
items in the future.

4 Financial measures of R&D activity:
* Domestic and worldwide sales and revenue
» Detail on domestic and worldwide R&D activity

» Company R&D expense by business segment, type
of expense, and location (state and country)

 Capital expenditures for R&D (buildings, software,
equipment)

* Projected R&D expense

4 Measures of company R&D activity funded by others:
» Funds for worldwide and domestic R&D activity

* R&D funded by others—by business segment, type
of organization, type of expense, state, and location
(domestic vs. foreign)

4 Measures of R&D employment:

* R&D headcount (domestic and worldwide) by oc-
cupation and sex

» Number of U.S. R&D employees working under a
visa (H-1B, L-1, and so on)

* R&D full-time equivalent counts
4 Measures related to R&D management and strategy:
* R&D partnerships

* Share of R&D for the social sciences, new business
areas, and specific applications

¢ Measures of intellectual property (IP), technology
transfer, and innovation:

 Participation in activities to introduce new or sig-
nificantly improve existing goods, services, meth-
ods of production and distribution, or support
systems

+ Patent-related data-number owned or applied for

+ Participation in specific technology transfer activities
» Importance of types of IP protection

» Licensing to outside parties

For more information on the new survey, see NSF/
SRS (2008b).



4-8 ¢ Chapter 4. Research and Development: National Trends and International Linkages

national economic accounts, and trade in services. The pur-
pose of these efforts is to better harmonize data that will
serve as future indicators for measuring innovation.

Chapter Organization

This chapter is organized into seven main sections. An
overview of national trends in the performance and funding
of R&D is followed by a discussion of state-level R&D pat-
terns and trends. A third section covers business, the largest
performer and funder of U.S. R&D. This section is followed
by a discussion of the patterns of federal government R&D,
including how those patterns play out in the defense, energy,
and health arenas, and concludes with federal tax incentives
for business R&D.

The last three sections of the chapter cover international
comparisons of R&D, investments by multinational com-
panies (MNCs), and technology and innovation linkages,
respectively. International comparisons of R&D include na-
tional R&D expenditures by performer and source, national
R&D intensities, and government R&D priorities. The sec-
tion devoted to MNCs covers overseas investments of U.S.
MNCs and U.S. R&D by foreign-owned companies. Al-
though global R&D is concentrated in a few developed coun-
tries or regions, China and other emerging Asian countries

have increased their R&D expenditures and have become
hosts to R&D conducted by U.S. MNCs. The last section
covers business-to-business external sourcing, technology al-
liances, and international transactions in R&D services. The
latter represents the convergence of service-oriented R&D
and global innovation networking. This section concludes
with a discussion of innovation-related federal programs and
activities aimed at technology transfer, R&D, and new tech-
nology development and deployment by small firms.

Trends in National R&D Performance

R&D, along with other social, economic, and techno-
logical factors, creates new knowledge and contributes to
innovation and the introduction of new goods, services,
processes, and managerial practices. Suppliers and users of
R&D include businesses, educational institutions, not-for-
profit research organizations, and governments. Statistics on
R&D expenditures reported by performing and funding or-
ganizations are used as metrics throughout the United States
and internationally.! (See sidebar “Definitions of R&D.”)

NSF estimates indicate that overall spending on R&D
conducted in the United States was $397.6 billion (current
dollars) in 2008, up from $372.5 billion in 2007 (table 4-1).
This represents growth of 6.7%, or 4.5% in inflation-adjusted

Definitions of R&D

R&D. According to international guidelines for con-
ducting R&D surveys, R&D, also called research and
experimental development, comprises creative work “un-
dertaken on a systematic basis to increase the stock of
knowledge—including knowledge of man, culture, and
society—and the use of this stock of knowledge to devise
new applications” (OECD 2002).

Basic research. The objective of basic research is to
gain more comprehensive knowledge or understanding
of the subject under study without specific applications
in mind. Although basic research may not have specific
applications as its goal, it can be directed to fields of cur-
rent or potential interest. This focus is often the case when
performed by industry or mission-driven federal agencies.

Applied research. The objective of applied research
is to gain knowledge or understanding to meet a specific,
recognized need. In industry, applied research includes
investigations to discover new scientific knowledge that
has specific commercial objectives with respect to prod-
ucts, processes, or services.

Development. Development is the systematic use of
the knowledge or understanding gained from research di-
rected toward the production of useful materials, devices,
systems, or methods, including the design and develop-
ment of prototypes and processes.

R&D plant. This term refers to the acquisition of, con-
struction of, major repairs to, or alterations in structures,
works, equipment, facilities, or land for use in R&D
activities.

Budget authority. Budget authority is the authority
provided by federal law to incur financial obligations
that will result in outlays. The basic forms of budget
authority are appropriations, contract authority, and
borrowing authority.

Obligations. Federal obligations represent the dollar
amounts for orders placed, contracts and grants awarded,
services received, and similar transactions during a given
period, regardless of when funds were appropriated or
payment was required.

Outlays. Federal outlays represent the dollar amounts
for checks issued and cash payments made during a giv-
en period, regardless of when funds were appropriated
or obligated.

For an annotated compilation of definitions of R&D
by U.S. statistical agencies, tax statutes, accounting bod-
ies, and other official sources, see NSF/SRS (2006).
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(also called constant or real) 2000 dollars.? The 2008 figures
are preliminary, however, and may not yet fully reflect the
effects of the sharp downturn in the U.S. economy and glob-
ally beginning in late 2008.

Total estimated R&D expenditures in 2008 were $13.9
billion higher in real dollars than in 2007 (table 4-1). Most of
this increase reflected estimated increases in business R&D
expenditures and funding.
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Over the longer term, increases in national R&D spend-
ing have been largely uninterrupted since 1953 in both cur-
rent and real dollars (figure 4-1). The rates of the past several
years have been above the average annual growth rate over
the past 20 years (5.6% in current dollars, 3.1% in con-
stant dollars). U.S. R&D spending crossed the $100 billion
(current dollars) threshold in 1984, passed $200 billion in
1997, was nearly $300 billion in 2004, and almost reached

Table 4-1
U.S. R&D expenditures, by performing sector and funding source: 2003-08
Sector 2003 2004 2005 2006 2007 2008
Current $millions
All performing Sectors .........c.cceveerveerceeeneens 288,324 299,201 322,104 347,046 372,527 397,616
BUSINESS ..ot 200,724 208,301 226,159 247,669 269,267 289,105
Federal government.........ccccoeevevecveneeeneenee. 35,005 35,632 37,716 38,926 39,897 41,741
Federal intramural®...........cccceveeceenercenne 22,752 22,844 24,470 25,556 25,858 27,000
FFRDCS......utiiieieeeecteeeie et e e siee e 12,253 12,788 13,246 13,369 14,039 14,741
Industry-administered® ..............cccceen. 2,458 2,485 2,601 3,122 4,839 5,031
U&C-administered®..........cccocveverernens 7,301 7,659 7,817 7,306 5,892 6,023
Nonprofit-administered............c.c.cc...... 2,494 2,644 2,828 2,941 3,308 3,688
Universities and colleges..............cccceuennee. 40,484 43,128 45,197 46,983 49,021 51,163
Other NoNProfit.......ccceveeveeveeiiereeceseceens 12,111 12,140 13,032 13,469 14,341 15,606
All funding SOUICES .....cocvvrueeierieeiirieeeesieeeene 288,324 299,201 322,104 347,046 372,527 397,616
BUSINESS ..cvviiieieeieceece e 186,174 191,376 207,826 227,254 246,927 267,847
Federal government.........cccccceveveeeeneecneenee. 83,618 88,766 93,817 98,036 101,764 103,696
Universities and colleges..........cccecveevueennen. 7,650 7,937 8,579 9,307 9,993 10,600
Nonfederal government...........ccccccveecriennen. 2,742 2,883 2,922 3,021 3,249 3,453
Other NoNProfit........ccceveeveiiecieiecieeeecies 8,140 8,239 8,960 9,429 10,593 12,020
Constant 2000 $millions
All performing SECLOrS ........cvveeeererererererereeeeens 270,971 273,335 284,962 297,444 310,913 324,791
Business 188,643 190,294 200,081 212,271 224,732 236,155
Federal government ... 32,898 32,551 33,367 33,362 33,299 34,096
Federal intramural..........cccoceuvueurerereennnns 21,383 20,869 21,648 21,904 21,582 22,055
FERDCS....eeueieeeeeeeeeeesenenesesenesesesnsaessasssnnnnns 11,516 11,682 11,719 11,459 11,717 12,042
Industry-administered® ........ 2,310 2,270 2,301 2,676 4,039 4,109
U&C-administered®.... 6,861 6,997 6,916 6,262 4,918 4,920
Nonprofit-administered 2,344 2,415 2,502 2,521 2,761 3,012
Universities and colleges..........cocvererrererrecnnns 38,047 39,400 39,986 40,268 40,913 41,792
Other NONPIOfit........cccveereeeierieereceereeseens 11,382 11,090 11,529 11,544 11,969 12,748
All funding SOUICES ......cveveveereeeeeeeeeresesesesaeeeeas 270,971 273,335 284,962 297,444 310,913 324,791
Business 174,969 174,831 183,862 194,773 206,087 218,790
Federal government ... 78,585 81,092 82,999 84,024 84,933 84,704
Universities and colleges... 7,190 7,251 7,589 7,977 8,341 8,658
Nonfederal government .........c.coceceeverernecnnns 2,677 2,634 2,585 2,589 2,711 2,821
Other NONPIOfit.......ccceveverererereeeeeeeeeeeeeerererenes 7,650 7,527 7,926 8,081 8,841 9,818

FFRDC = federally funded research and development center; U&C = universities and colleges

aIncludes expenditures of federal intramural R&D and costs associated with administering extramural R&D.
°In June 2006, Los Alamos National Laboratory (approximately $2 billion in annual R&D expenditures in recent years) became industry administered;
previously, U&C administered. This shift is one reason for change in trends apparent in R&D expenditure figures between 2006 and 2007.

NOTES: Data for 2008 are preliminary. Data based on annual reports by performers except for nonprofit sector. Expenditure levels for academic and federal
government performers are calendar-year approximations based on fiscal year data. For federal government expenditures, approximation equal to 75% of
amount reported in same fiscal year plus 25% of amount reported in subsequent fiscal year. For academic expenditures, respective percentages are 50 and

50, because those fiscal years generally begin on 1 July instead of 1 October.

SOURCE: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources (annual series). See appendix tables

4-3 and 4-7.
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Figure 4-1

U.S. total R&D expenditures: 1953-2008
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix table 4-3.
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$400 billion in 2008. Over the past 20 years, the expan-
sion of U.S. R&D spending has exceeded the pace of GDP
growth, which averaged 5.3% in current dollars and 2.8%
in constant dollars, with the difference becoming more sub-
stantial in the past few years.

The economic stimulus package enacted in early 2009
(American Recovery and Reinvestment Act of 2009 [Pub-
lic Law 111-5]) provided a substantial increase in fed-
eral FY 2009 funding for R&D and R&D infrastructure
($18.3 billion). However, these one-time funds do not enter
into the federal funding base for subsequent fiscal year bud-
gets, as discussed in the federal R&D section of this chapter.

Estimates of U.S. R&D expenditures are generated by
adding the annual R&D spending of all sectors of the econ-
omy for which expenditures can be reasonably estimated.
The spending figures come from surveys of organizations
that historically have performed the vast majority of R&D
in the United States; however, some components of national
R&D performance are not reflected in current NSF data, and
measurement challenges remain. For a further discussion
of R&D activities not currently captured in NSF’s official
R&D statistics, see the sidebar “Unmeasured R&D.”

Performers of R&D

NSF tracks the R&D spending patterns of several per-
formers in the overall U.S. R&D system: businesses, the
intramural R&D activities of federal agencies, federally
funded R&D centers (FFRDCs),? universities and colleges,
and other nonprofit organizations.

Business Sector
Estimated spending for R&D performed in the United
States by businesses totaled $289.1 billion (current dollars)

Chapter 4. Research and Development: National Trends and International Linkages

Unmeasured R&D

The estimates of U.S. R&D presented in this vol-
ume are derived from surveys of organizations that
have historically performed the vast majority of R&D
in the United States. To evaluate U.S. R&D perfor-
mance over time and in comparison with other coun-
tries, however, it is necessary to gauge how much
R&D goes unmeasured. The following paragraphs de-
scribe types of unmeasured R&D performance in the
United States.

To reduce cost and respondent burden, U.S. in-
dustrial R&D estimates are derived from a survey of
R&D-performing companies with five or more em-
ployees. Accordingly, no estimates of R&D perfor-
mance are available for companies with fewer than
five employees.

The activity of individuals performing R&D on
their own time and not under the auspices of a cor-
poration, university, or other organization is similarly
omitted from official U.S. R&D statistics.

Social science R&D has been excluded from U.S.
industrial R&D statistics. Also, R&D in the humani-
ties is excluded from U.S. academic R&D statistics.
Other countries include both in their national statistics,
making their national R&D expenditures relatively
larger when compared with those of the United States.
(The new U.S. Business R&D and Innovation Survey,
being fielded for the first time in 2009, includes social
science R&D and will better capture total federally
funded R&D performed by others. Furthermore, NSF
is in the process of redesigning its Higher Education
R&D Survey, which will include non-S&E R&D ex-
penditures in its reported totals.)

NSF has not conducted a survey on R&D perfor-
mance by nonprofit organizations since 1998, although
the R&D performance of nonprofits is estimated for
national R&D totals. NSF and the U.S. Census Bureau
collected statistics for R&D performance by state gov-
ernments in the United States for 2006 and 2007, but
these data have not yet been included in the national
time series. Data for these performers are discussed in
“Location of R&D Performance.”

in 2008 (table 4-1). NSF estimates that business R&D ex-
penditures in 2008 expanded in real terms (constant dol-
lars) by 5.1%, outpacing the real growth of total U.S. R&D
in the same year (4.5%). Similarly high rates of growth
prevailed for business R&D in 2005, 2006, and 2007, and
again, the growth in business R&D outpaced that of total
U.S. R&D.

The business sector is by far the largest performer of U.S.
R&D, accounting for 73% of the total in 2008 (figure 4-2).
The high-water mark of the business sector’s share of U.S.
R&D to date was 75% in 2000. Over the next 4 years, its
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Figure 4-2
Shares of national R&D expenditures, by performing
and funding sectors: 2008
Performing sector
Other nonprofit 3.9%

Universities and
colleges 12.9%

Federal
government
10.5%
Business 72.7%
Funding sector
Universities and X
colleges 3.5% Other nonprofit 3.0%
Federal
government
26.1%

Business 67.4%

NOTES: Data for 2008 are preliminary. National R&D expenditures
are estimated to be $398 billion in 2008. Federal performing sector
includes federal agencies and federally funded research and
development centers. State and local government support to industry
is included in industry support for industry performance. State and
local government support to universities and colleges is included in
universities and colleges support of universities and college
performance. Detail may not add to total because of rounding.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3 and 4-7.
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share declined to about 70% in response to the slowdown
of the U.S. economy in 2001 and 2002 and the associated
curtailment of business activities by many R&D-performing
firms. With the renewal of vigorous business activity there-
after, business spending on R&D moved to a higher-growth
path. The business sector’s share of R&D rose above 70% in
2005 and has since continued to increase.

Over the past 5 years, expanded business spending on
R&D has accounted for much of the growth (in both cur-
rent and real-dollar terms) in all U.S. R&D spending. The
most striking trend when contrasting business-sector R&D
with that of other performers over the past several decades is
the sustained, far larger real-dollar expansion in the level of
R&D spending by the business sector (figure 4-3).
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Figure 4-3
National R&D, by performing and funding sectors,
1953-2008
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NOTES: Data for 2008 are preliminary. Federal performers of R&D
includes federal agencies and federally funded research and
development centers. State and local government support to
industry is included in industry support for industry performance.
State and local government support to universities and colleges is
included in universities and colleges support of universities and
college performance.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3 and 4-7.
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As discussed in the section “R&D by Character of Work,”
three-quarters of the business sector’s R&D performance in
recent years has been directed toward development activi-
ties rather than basic and applied research. Other U.S. R&D
performers are relatively more active with respect to basic
and applied research.

The business sector is the chief source of funding
for its own R&D spending. In 2008, it is estimated that
$263.3 billion, or 91%, of the business sector’s overall R&D
expenditures ($289.1 billion) came from the business sec-
tor itself (table 4-2), with the balance ($25.8 billion) com-
ing from the federal government. Before the late 1960s, the
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Table 4-2
U.S. R&D expenditures, by character of work, performing sector, and funding source: 2008
Total
Federal Universities Other expenditures
Sector Total Business government and colleges nonprofit (% distribution)
R&D ...ttt 397,616 267,847 103,696 14,053 12,020 100.0
Business ............... ... 289,105 263,310 25,795 * * 72.7
Federal government.. 41,741 * 41,741 * * 10.5
Federal intramural ............cccoeeeverervennnnee. 27,000 * 27,000 * * 6.8
FFRDCS.....eiiiiieiieeiieeiee st 14,741 * 14,741 * * 3.7
Industry-administered.........c.ccccocueenen 5,031 * 5,031 * * 1.3
U&C-administered.........ccccoeeeveenuennen. 6,023 * 6,023 * * 1.5
Nonprofit-administered... 3,688 * 3,688 * * 0.9
Universities and colleges.... 51,163 2,908 30,177 14,053 4,024 12.9
Other nonprofit organizations ... 15,606 1,629 5,982 * 7,995 3.9
Percent distribution by source.................. 100.0 67.4 26.1 3.5 3.0 na
Basic research ........ccocceeeeecieenieeieeniees 69,146 12,222 39,379 10,188 7,357 100.0
Business............ 11,907 9,209 2,697 * * 17.2
Federal government. 10,189 * 10,189 * * 14.7
Federal intramural ...........cccoevevereenennnee. 4,734 * 4,734 * * 6.8
FFRDCS.....eiiieeeeeeeiteeiee e 5,455 * 5,455 * * 7.9
Industry-administered.............cccorurenee. 2,287 * 2,287 * * 3.3
U&C-administered.........cccccveererreiennens 1,736 * 1,736 * * 2.5
Nonprofit-administered. 1,432 * 1,432 * * 2.1
Universities and colleges..... 38,822 2,108 23,608 10,188 2,918 56.1
Other nonprofit organizations.. 8,229 904 2,885 * 4,439 11.9
Percent distribution by source.................. 100.0 17.7 57.0 14.7 10.6 na
Applied research..........cccccveeeerenrenereennens 88,578 53,827 28,649 3,169 2,934 100.0
BUSINESS.......cueiiieeiieieeeteeseee e eseeseeenens 61,437 52,758 8,679 * * 69.4
Federal government .. 11,599 * 11,599 * * 13.1
Federal intramural .........ccceeeeeeeeeieccnnnnees 7,573 * 7,573 * * 8.5
FFRDCS.....ciiiiicveeeiieecieesreesee e e sae s 4,026 * 4,026 * * 4.5
Industry-administered............c.cccueee... 1,067 * 1,067 * * 1.2
U&C-administered.........cccoeeeveeieennnes 1,644 * 1,644 * * 1.9
Nonprofit-administered... 1,315 * 1,315 * * 1.5
Universities and colleges ...... 10,556 656 5,824 3,169 908 11.9
Other nonprofit organizations... 4,985 413 2,546 * 2,026 5.6
Percent distribution by source. .............. 100.0 60.8 32.3 3.6 3.3 na
Development.........ccveveeiieeiieciieeieciienns 239,891 201,798 35,669 696 1,729 100.0
BUSINESS....coiiiiiiieiieeieesie e 215,761 201,342 14,419 * * 89.9
Federal government. 19,953 * 19,953 * * 8.3
Federal intramural .........ccceeeeeeeeeeccinnnnees 14,693 * 14,693 * * 6.1
FFRDCS.....ciiiiiciieeieeieesieesieeesieesae s 5,260 * 5,260 * * 2.2
Industry-administered............c.cccueee... 1,676 * 1,676 * * 0.7
U&C-administered.........ccccveeeeeeeennne. 2,643 * 2,643 * * 1.1
Nonprofit-administered. 941 * 941 * * 0.4
Universities and colleges...... 1,785 144 746 696 199 0.7
Other nonprofit organizations.. 2,392 312 551 * 1,530 1.0
Percent distribution by source.................. 100.0 84.1 14.9 0.3 0.7 na

* = small to negligible amount, included as part of funding provided by other sectors; na = not applicable
FFRDC = federally funded research and development center; U&C = universities and colleges

NOTES: Data for 2008 are preliminary. Federal intramural includes federal intramural R&D and costs associated with administering extramural R&D. Funding
for FFRDC performance chiefly federal, but any nonfederal support included in federal figures. State and local government support to industry included

in industry support for industry performance. State and local government support to universities and colleges ($3,453 million) included in universities and
colleges support for universities and colleges performance.

SOURCE: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources (annual series). See appendix tables
4-3 to 4-10.
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federal government was the primary source of funding for
business R&D.

Note that the decline in federal funding of business R&D,
as reported by businesses, differs somewhat from the trend
apparent in R&D spending data collected from federal
agencies. For details on this discrepancy, see the sidebar
“Tracking R&D: The Gap Between Performer- and Source-
Reported Expenditures” later in this chapter.

Universities and Colleges

Universities and colleges performed an estimated
$51.2 billion of R&D in 2008. The academic sector is the
second-largest performer of U.S. R&D. It currently repre-
sents just below 13% of total U.S. R&D performance, about
a fifth of the size of business R&D. In the late 1990s and first
years of the current decade, academic R&D grew faster than
R&D in any other U.S. sector, with real annual growth rates
in the range of 6% to 8%. After 2004, however, real growth
has been much slower, falling to 2.1% in 2008, well below
the real growth rates for business R&D and total U.S. R&D.

Universities and colleges are estimated to have per-
formed more than half (56%) of the nation’s basic research
in 2008. (See “R&D by Character of Work.”) They also rely
much more than the business sector on external R&D fund-
ing. In 2008, about 27% of academic R&D was funded by
the institutions themselves; 59% was funded by the federal
government; and the balance was funded by state and local
governments, nonprofits and other types of organizations,
and private gifts (table 4-2).

Federal Agencies and FFRDCs

R&D performance by the federal government (which
spans the activities of agency intramural research laborato-
ries, agency planning and administration of both intramural
and extramural R&D projects, and the FFRDCs) totaled an
estimated $41.7 billion in 2008, about 11% of all U.S. R&D
performance. Federal agencies’ intramural R&D activities
(including the aforementioned planning and administration
costs) accounted for $27.0 billion (6.8%) of the U.S. total,
and FFRDCs accounted for $14.7 billion (3.7%). Federal
agencies’ intramural R&D performance is entirely funded
by the federal government; FFRDCs also rely chiefly on
federal funding, with small amounts of nonfederal funds at
some facilities.

Real expenditures for R&D conducted by federal agen-
cies and FFRDCs combined grew rapidly from 2001 to
2003, reflecting increased defense spending following
the terrorist attacks of September 11, 2001. From 2004 to
2007, federal government R&D performance was essential-
ly flat. It is estimated to have returned to modest growth in
2008, with increases in both federal intramural and FFRDC
R&D performance.

The volume of the federal government’s R&D perfor-
mance is small compared with that of the U.S. business sec-
tor. However, the federal sum of $41.7 billion exceeds the
national R&D expenditures of every country except Japan,
China, and Germany. Furthermore, this federal expenditure
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does not include sizable government investments in R&D
infrastructure and equipment. In addition, the federal gov-
ernment maintains research facilities and conducts research
projects that would be too costly or risky for a single com-
pany or university to undertake.

Other Nonprofit Organizations

The figure for R&D performed in the United States by
other nonprofit organizations in 2008 was an estimated
$15.6 billion. This amount represents about 4% of all
U.S. R&D in that year, a share that has been fairly stable
since 2000.

Sources of R&D Funding

The funding for R&D conducted by organizations in the
United States comes from a variety of sources, including
their own funds, as well as contracts and grants from other
organizations. The funding mix varies across the main per-
forming sectors. Data on the flows of R&D funding within
sectors, such as between two companies, are limited, but data
on the flows of R&D between sectors indicate that financial
relationships between organizations play a significant role in
the U.S. R&D system.

In 2008, an estimated 19% of U.S. R&D ($74 billion, cur-
rent dollars) came from funding by an organization in a sec-
tor other than the performing sector (table 4-2). Most of this
between-sector funding comes from the federal government,
which supports significantly more R&D than it conducts in
its own laboratories and FFRDCs. In sharp contrast, most
businesses use a high percentage of their R&D budgets for
internal projects or to contract for R&D performed by other
businesses. The small remainder—about 2% of overall busi-
ness funds for R&D—flows to universities and other non-
profit organizations to support R&D performance.

R&D Funding by the Federal Government

In 2008, according to the reports of R&D performers,
the federal government funded an estimated $103.7 billion
(current dollars) of R&D (table 4-1). This amount repre-
sented about 26% of all R&D funding in the United States
(figure 4-2).

The federal government was once the predominant spon-
sor of the nation’s R&D, funding some 67% of all U.S.
R&D in 1964 (figure 4-4). But the federal share decreased
in subsequent years, falling to below 50% in 1979 and to a
low of 25% in 2000. This declining share of federal R&D
funding is particularly evident in the business sector. In the
late 1950s and early 1960s, more than half of the nation’s
business R&D was funded by the federal government, but by
2000, less than 10% of business R&D was federally funded
(appendix table 4-3).

Between 2001 and 2004, however, this decades-long
trend was attenuated as private investment slowed in the
face of the 2001-02 recession. In addition, federal R&D
spending expanded, first in health and then in defense and
counterterrorism. By 2004, the federal share of the nation’s
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Figure 4-4

National R&D expenditures, by funding source:
1953-2008
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Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix table 4-7.
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R&D funding reached 30%, but thereafter it declined again
to an estimated 26% in 2008.

R&D Funding by Business

The business sector is both the largest performer and the
largest source of R&D funding in the United States. Busi-
ness provided an estimated $267.8 billion for R&D in 2008,
67% of the U.S. total.

The business sector’s share of national R&D fund-
ing first surpassed the federal government’s share in 1980
(figure 4-4). Almost all business funding for R&D is direct-
ed toward business R&D, with a small remainder (around
2%) allocated to academic and other nonprofit performers.

From 1980 to 1985, business support for R&D grew, in
real dollars, at an average annual rate of almost 8%. From
1985 to 1994, real growth dropped to 3% per year, before
expanding to 9% through 2000. Growth declined by 3% a
year during the 2000—02 recession, was flat in 2003—04, and
has increased robustly (5% or more real growth annually)
since 2005. NSF’s preliminary estimate for real growth in
business-sector R&D funding in 2008 is about 6%.

R&D Funding From Other Sources

R&D funding from other nonfederal sources—aca-
demia’s own institutional funds, other nonprofits, and state
and local governments—is small in comparison to federal
and business sources, and is estimated to have been be-
low 7% of the total in 2008. Nonetheless, this funding has
been growing fairly rapidly for some time. From 1998 to
2008, growth in funding from these sectors averaged 5.4%
per year in real-dollar terms—ahead of the pace of funding
growth in both the federal and business sectors. Most R&D
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funded by these nonfederal sources is performed by the aca-
demic sector.

Finally, unlike many countries, the United States does not
currently have data on domestic R&D that is funded by for-
eign sources. However, NSF has begun to collect these data
as part of a new business survey. Separately, foreign direct
investment in R&D, which is measured in the United States,
provides an indication of international participation in busi-
ness R&D. However, foreign ownership does not necessar-
ily imply foreign R&D funding, because an affiliate may
fund activities through its own revenues and other domestic
sources. (See “R&D by Multinational Companies.”)

R&D by Character of Work

R&D encompasses a wide range of activities, from fun-
damental research in the physical, life, and social sciences;
to research addressing such critical issues as global climate
change, energy efficiency, and health care; to the develop-
ment of general-purpose technologies and new goods and
services. Because the activities are so diverse, it helps to
classify them into distinct categories when analyzing R&D
expenditures.

Historically, the most common categories used to classify
R&D are basic research, applied research, and (experimen-
tal) development. (See sidebar “Definitions of R&D.”) In
light of the complex feedback loops involved in knowledge
creation and exploitation, these categories have been criti-
cized as simplistic and too linear in their implied progres-
sion. No alternative measurement frameworks, however,
have been widely adopted. Accordingly, this chapter relies
on these longstanding, widely used, and internationally
comparable categories (OECD 2002) to describe the current
trends in the character of U.S. R&D expenditures.*

In 2008, the United States performed an estimated
$69.1 billion of basic research, $88.6 billion of applied re-
search, and $239.9 billion of development (table 4-2). Ba-
sic research represented a little more than 17% of the total,
applied research, 22%; and development, just over 60%
(figure 4-5).

Historically, the federal government has been the prime
source of funding for basic research, accounting for an es-
timated 57% of the nation’s total in 2008 (figure 4-5). The
share of federal funding to universities and colleges, the na-
tion’s largest performers of basic research, was 61%.

Industry directs only small portions of its R&D funding to
basic research—an estimated 5% in 2008 (figure 4-6). Many
businesses believe that basic research involves significant
uncertainties regarding both the near-term commercial value
of any discoveries and the firm’s ability to enforce intel-
lectual property rights and earn a return. Some firms, how-
ever, view engaging in basic research (whether performed
internally or in cooperation with other performers) as a way
to boost human capital resources by attracting and retain-
ing talented scientists and engineers. This can strengthen
the firm’s capacity for innovation and improve its ability to
absorb external scientific and technological knowledge. Not
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Figure 4-5

National R&D, by character of work, and basic

research, by funding and performing sectors: 2008
National R&D, by character of work

Basic
research 17.4%

Applied
research
22.3%

Development
60.3%

Basic research, by performing sector
Other nonprofit

organizations 11.9% Business 17.2%

Federal
government
14.7%

Universities and
colleges 56.1%

Basic research, by funding source

Other nonprofit
organizations 10.6%

Business 17.7%

Universities
and colleges
14.7%

Federal
government 57.0%

NOTES: Data for 2008 are preliminary. National R&D expenditures
estimated at $398 billion in 2008. Federal performers include federal
agencies and federally funded research and development centers.
State and local government support to industry included in industry
support for industry performance. State and local government
support to universities and colleges included in universities and
colleges support of universities and college performance. Detail may
not add to total because of rounding.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3, 4-4, 4-5, 4-6, and 4-8.
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surprisingly, the industries that invest the most in basic re-
search are those whose new products are most directly tied
to ongoing science and technological advances, such as the
pharmaceuticals and scientific R&D service sectors.

The business sector currently spends more than four
times on applied research than basic research, accounting
for greater than half of U.S. applied research funding. In
2008, industry invested an estimated $53.8 billion in applied
research funding, 61% of the U.S. total. Industries that per-
form a relatively large amount of applied research include
chemicals, aerospace (mostly funded by the Department of
Defense [DOD]), and R&D services (where many compa-
nies engage in the licensing of technologies).

The bulk of the federal government’s applied research
funds support work that is performed by the federal agencies
themselves or by FFRDCs.

Figure 4-6
R&D performing sectors and funding sources,
by character of work: 2008
D Basic . Applied . Development
research research

Performing sector

Business

Federal
intramural

FFRDCs

Universities
and
colleges

0 20 40 60 80 100
Percent

Funding source

Business

Federal
government

Universities
and
colleges

0 20 40 60 80 100
Percent

FFRDCs = federally funded research and development centers.

NOTES: Data for 2008 are preliminary. State and local government
support to industry included in industry support for industry
performance. State and local government support to universities
and colleges included in universities and colleges support for
universities and colleges performance.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3 to 4-10.
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Development expenditures totaled an estimated
$239.9 billion in 2008, representing 60% of all U.S. R&D
expenditures.®> The development of new and improved
goods, services, and processes is dominated by the business
sector, which funded 84% (an estimated $201.8 billion)
of all U.S. development in 2008. The federal government
funded most of the remaining development, totaling 15%,
or $35.7 billion. Most federal development spending is de-
fense related; this spending includes military aircraft, for
which the federal government is the main customer.

The business sector performs a higher share of devel-
opment activities than it funds, having conducted about
90% of all U.S. development in 2008. Federal agencies and
FFRDCs conducted 8%, and all other performers combined
conducted just below 2%.

R&D expenditures by public and private organizations
indicate the priority given to the creation of new science
and technology (S&T)-based knowledge in support of their
goals. As an input measure, however, R&D expenditures do
not directly lead to subsequent economic and social outputs.
For one approach to measuring the role of R&D in econom-
ic output and growth, see the sidebar “The BEA/NSF R&D
Satellite Account: R&D and Economic Growth.”

Location of R&D Performance

More than half of all U.S. R&D is performed in only a
few states.® Nonetheless, patterns of expenditures for R&D
activities vary among the top R&D-performing states. (For
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a broader range of indicators on state-level S&E activities,
see chapter 8.)

Distribution of R&D Expenditures Among
States

In 2007, the 10 states with the greatest R&D expenditure
levels accounted for about 64% of U.S. R&D expenditures
that can be allocated to the states. The top 20 states account-
ed for nearly 85% of the R&D total; the 20 lowest-ranking
states, around 5%. California alone represented 22% of U.S.
R&D, exceeding the next-highest state, Massachusetts, by
more than three times. Appendix table 4-15 provides 2007
statistics on R&D performers and funders for all the states.

To some degree, state variations in the level of R&D ex-
penditures reflect differences in economic scale. Reporting
a state’s R&D expenditures as a fraction of its GDP adjusts
for these differences and is an indicator of R&D intensity at
the state level.

States with the highest R&D/GDP ratios in 2007 in-
cluded New Mexico, Massachusetts, and Maryland (table
4-3). New Mexico is the location of several major govern-
ment research facilities. Massachusetts benefits from both
leading research universities and thriving high-technology
industries. Maryland is the site of many government re-
search facilities and growing research universities. Cali-
fornia ranks seventh in R&D intensity. See appendix table
4-16 for a complete list of states and their corresponding
R&D intensities.

The BEA/NSF R&D Satellite Account: R&D and Economic Growth

Measuring R&D as capital investment rather than an
expense (that is, capitalizing R&D) recognizes that R&D
has long-term benefits, much as do investments in physi-
cal assets. Capitalized R&D has a direct impact on GDP
because business R&D becomes part of economic output
instead of an expense. International activities are under-
way to update systems of national accounts to recognize
the investment nature of R&D (UNSC 2007). A first step
in the statistical systems of the United States and other
OECD countries is to develop R&D satellite accounts,
that is, supplementary estimates of the GDP and related
measures that provide greater detail or alternative mea-
surement concepts without changing the core accounts.
Future research topics include improving the price index-
es used to produce inflation-adjusted R&D investment
figures and measures of the depreciation of R&D as a
capital asset.

Several U.S. interagency efforts are aimed at identi-
fying improved measures of intangibles, such as R&D,
and their economic role (Aizcorbe, Moylan, and Robbins
2009; Jorgenson, Landefeld, and Nordhaus 2006). NSF’s
Division of Science Resources Statistics, responsible for

U.S. R&D statistics, and the Bureau of Economic Analy-
sis (BEA), responsible for the U.S. national economic ac-
counts, are jointly developing an R&D Satellite Account
(Robbins and Moylan 2007). Current plans call for incor-
poration of R&D capital into the National Income and
Product Accounts and other core accounts in 2013.

According to BEA preliminary estimates, capitaliz-
ing R&D increased the level of current-dollar GDP by
an average of 2.9% per year between 1959 and 2006.
Adjusted for inflation, R&D capital would account for
about 5.1% of real GDP growth between 1959 and 2006.
This figure compares with a 2.2% share for all business
investment in commercial and all other types of build-
ings. During the more recent 1995-2006 period, R&D
investment accounted for about 7% of real GDP growth,
with the business sector’s R&D contribution amounting
to 4.6% percent.

From 1995-2006, the largest estimated contributions
to real GDP growth came from the pharmaceutical and
medicine manufacturing industry, which accounted for
more than 1% of GDP growth. The software publishing
industry accounted for an additional 0.5%.
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Table 4-3
Top 10 states in R&D performance, by sector and intensity: 2007

All R&D? Sector ranking R&D intensity (R&D/GDP ratio)
Amount Federal R&D/ GDP

(current Universities and intramural GDP  (current

Rank State $millions) Business colleges and FFRDC® State (%)  $billions)
1 California 77,608 California California Maryland New Mexico 7.53 75.2
2 Massachusetts 24,557 Massachusetts New York California Massachusetts 6.97 352.2
3 New Jersey 19,552 New Jersey Texas New Mexico Maryland 5.34 264.4
4 Texas 17,853  Michigan Maryland Virginia Washington 4.85 310.3
5 Michigan 17,402 Texas Pennsylvania District of Columbia Connecticut 4.82 212.3
6 New York 15,939  Washington Massachusetts Massachusetts Michigan 4.58 379.9
7 Washington 15,061 Illinois North Carolina  Tennessee California 4.31 1,801.8
8 lllinois 14,287 New York lllinois Washington New Jersey 4.24 461.3
9 Maryland 14,130 Pennsylvania Ohio lllinois District of Columbia  4.17 92.5
10 Pennsylvania 13,510 Connecticut Florida Florida New Hampshire 3.71 57.8

FFRDC = federally funded research and development center; GDP = gross domestic product

2Includes in-state total R&D performance of business, universities, federal agencies, FFRDCs, and federally financed nonprofit R&D.
®Includes costs associated with administration of intramural and extramural programs by federal personnel and actual intramural R&D performance.

NOTE: Small differences in parameters for state rankings may not be significant. Rankings do not account for the margin of error of the estimates from

sample surveys.

SOURCES: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development, 2007; Survey of
Research and Development Expenditures at Universities and Colleges, FY 2008; Survey of Federal Funds for Research and Development, FY 2007-2009;
Survey of State Research and Development Expenditures, FY 2007. State GDP data are from the U.S. Bureau of Economic Analysis, http://www.bea.gov/

regional/gsp, accessed 29 July 2009. See also appendix tables 4-15 and 4-16.

Sector Distribution of R&D Performance
by State

The proportion of R&D performed in each of the major
R&D-performing sectors (business, universities and colleg-
es, federal intramural facilities and FFRDCs) varies across
states. States that lead in total R&D tend to be well repre-
sented in each of these sectors (table 4-3).

In 2007, business-sector R&D accounted for about 74%
of the U.S. R&D total that could be allocated to specific
states. Of the top 10 states in total R&D performance, 9
are also in the top 10 in industry R&D. Connecticut, 10th
in business-sector R&D and home to substantial pharma-
ceutical R&D activity, surpasses Maryland in the business
R&D ranking.

University-performed R&D accounts for 14% of the U.S.
total, and it also closely follows state total R&D perfor-
mance. Among the top 10 states in total R&D, only Michi-
gan, New Jersey, and Washington are not also among the
university R&D top 10, being replaced by North Carolina,
Ohio, and Florida.

Representing about 11% of the state-distributed U.S. to-
tal, federal R&D performance (both intramural and FFRDC)
is more concentrated geographically than performance in
other sectors—and the relationship between its geographical
distribution and that of total R&D is less significant. The top
four states (Maryland, California, New Mexico, and Virgin-
ia) and the District of Columbia represent 64% of all federal
R&D performance.” This figure rises to 78% when the other

Science and Engineering Indicators 2010

five top 10 states (Massachusetts, Tennessee, Washington,
Illinois, and Florida) are included.

Federal R&D accounts for 82% of all R&D in New Mex-
ico, home of the nation’s two largest FFRDCs (Los Alamos
and Sandia National Laboratories). The high figures for
Maryland (54%), Virginia (38%), and the District of Colum-
bia (74%) reflect the concentration of federal facilities and
administrative offices in the national capital area. The share
for Tennessee (32%) reflects the presence of a large federal
facility, Oak Ridge National Laboratory.

In California, Massachusetts, Washington, and Illinois,
federal R&D performance accounts for no more than 6% to
7% of the state R&D totals, even though each state is among
the top 10 in federal performance. The federal R&D share in
Florida was 13% in 2007.

Business R&D in Top States

During 2007, companies in the 10 states with the high-
est business R&D performance reported aggregate R&D
expenditures of $186.0 billion and accounted for 69% of
the business R&D performed in the United States. Compa-
nies in California alone accounted for 24% of the nation’s
business R&D. The types of companies that carry out R&D
vary considerably among these 10 leading states (table 4-4),
reflecting regional specialization or clusters of business ac-
tivity. For example, the automotive manufacturing industry
accounted for 75% of Michigan’s business R&D in 2007,
although it accounted for only 6% of the nation’s total busi-
ness R&D.
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Table 4-4
Top 10 states in business R&D performance and share of R&D, by selected industry: 2007
(Percent)
Business-
performed Computer and  Computer- Companies
R&D (current electronic related R&D Motor with 5-499
State $millions) Chemicals products services services vehicles employees
All states........ccceeeeeunen 269,267 20.6 L 21.8 5.4 8.4 6.0 L 18.7
California................. 64,187 13.9 33.0 14.6 9.5 D 20.2
Massachusetts........ 19,488 17.4 44.6 5.5 9.9 0.0 18.5
New Jersey .... 17,892 63.1 6.3 5.2 8.0 0.1 13.4
Michigan ..... 15,736 6.7 1.3 1.9 2.8 74.8 8.5
Texas........... . 13,889 5.6 32.3 17.8 7.4 0.4 18.6
Washington............. 12,687 5.2 5.3 2.6 6.5 0.4 12.3
OIS ... 11,362 25.2 32.7 4.3 2.4 1.8 141
New York . 10,916 30.1 7.8 15.6 4.1 3.0 22.7
Pennsylvania........... 10,387 55.0 7.3 6.2 5.2 0.8 17.5
Connecticut ............ 9,444 59.0 2.3 25 3.2 0.2 8.2

L = lower-bound estimate; D = suppressed to avoid disclosure of confidential information

NOTES: Rankings do not account for margin of error of estimates from sample surveys. Detail does not add to total because not all industries shown.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development.

The computer and electronic product manufacturing in-
dustries performed 22% of the nation’s total business R&D,
but the shares of this performance were larger in Massachu-
setts (45%), Illinois (33%), California (33%), and Texas
(32%). These states have clearly defined regional centers
of high-technology research and manufacturing, including
Cambridge and Route 128 in Massachusetts; Champaign
County, Illinois; Silicon Valley, California; and the Silicon
Hills of Austin. About two-thirds of R&D performed in the
United States by computer and electronic product compa-
nies in 2007 was located in these four states and accounted
for 14% of all business R&D nationwide (table 4-4; appen-
dix table 4-11).

R&D performed by chemical manufacturing companies
remains prominent in New Jersey, Connecticut, and Penn-
sylvania, all home to the pharmaceuticals and the chemicals
industries. According to the American Chemistry Council
(ACC 2009), together these states are host to more than
2,000 chemical manufacturing establishments, an increase
of about 500 since 2005, and rank among the top 18 in chem-
icals industry employment. In 2007, chemical manufacturers
accounted for 63% of New Jersey’s business R&D, 59% of
Connecticut’s, and 55% of Pennsylvania’s (table 4-4). These
three states represented more than 41% of the nation’s R&D
in this sector.

The R&D and related-services sector, which consists
largely of biotechnology companies, contract research or-
ganizations, and early-stage technology firms, is also geo-
graphically concentrated, with California, Massachusetts,
and New Jersey accounting for more than 42% of R&D. The
companies in this sector maintain strong ties to the academic
sector and are often located near large research universities
(Stuart and Sorenson 2003).
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Nationally, small companies (those that have from 5
to 499 employees®) performed 19% of total U.S. business
R&D in 2007 (appendix table 4-11). Among the top 10 busi-
ness R&D-performing states, New York and California had
the highest totals of small companies performing business
R&D, with 23% and 20%, respectively, in each state. Small
companies in these two states performed 6% of the nation’s
total business R&D in 2007 (table 4-4).

Business R&D

Businesses perform R&D with a variety of objectives in
mind, but most business R&D is aimed at developing new
and improved goods, services, and processes. R&D expen-
ditures, therefore, indicate the level of effort dedicated to
producing future products and process improvements while
maintaining current market share and increasing operating
efficiency. By extension, such expenditures may reflect
firms’ perceptions of the market’s demand for new and im-
proved technology.

R&D performed by the business sector totaled $269.3
billion in 2007. The federal government funded 9.9%
($26.6 billion) of this total, and company funds and other
private sources financed the remainder (appendix tables
4-11 to 4-13).°

In addition to absolute levels of R&D expenditures, an-
other indicator in the business sector is R&D intensity—that
is, R&D relative to production in a company, industry, or
sector. The measure used most frequently is the ratio of
company-funded R&D to net sales.!” This statistic provides
a way to gauge the relative importance of R&D across indus-
tries and among firms in the same industry. The company-
funded R&D-to-sales ratio of companies in all industries
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performing R&D in the United States varied between 3.2%
and 3.4% during 2003-06; in 2007 it was 3.5% (table 4-5;
appendix table 4-14).

Largest R&D Industries

Benefits from advances in S&T may be broadly shared
among industries; however, different industries perform dif-
ferent amounts of R&D.!! Some industries, such as utility,'
finance, insurance, and real estate, have relatively low R&D

Table 4-5

¢ 4-19

intensities (0.5% or less). Appendix table 4-14 provides data
on ratios of company-funded R&D to net sales for an array
of industries.!® Six industry groups—four in manufacturing
(chemicals, computer and electronic products, aerospace and
defense manufacturing, and automotive manufacturing) and
two in services (software and computer-related, and R&D
services)—accounted for 78% of company-funded business
R&D and 95% of federally funded business R&D in 2007
(table 4-5).1

Business R&D and domestic net sales, by industry: 2006 and 2007

(Millions of current dollars)

Business-
performed R&D Federally funded R&D Company-funded R&D
Industry 2006 2007 2006 2007 2006 2007
Al 247,669 269,267 24,304 26,585 223,365 242,682
Highlighted industries............ccoeeeae 193,956 L 209,116 L 23,352 L 25,355 L 170,606 183,761
Chemicals.......ccceeereeierieieceeene 48,913 50,423 662 663 48,251 49,760
Computer and electronic
products® 46,329 55,571 L 211 252 L 46,119 55,319
Software and computer-related
SEIVICESP ..o 33,831 L 34,079 L 1,048 L 842 32,783 33,237
Aerospace and defense
manufacturing®.........ccoceeeeereeeene. 27,217 L 30,278 L 15,222 L 16,882 L 11,995 13,397
R&D and related services®... 21,104 22,731 6,209 6,716 14,896 16,014
Automotive manufacturing®. 16,562 L 16,034 L NA NA 16,562 16,034
AllOther .....ooeiiiiieeeee 53,713 L 60,151 L 952 L 1,230 L 52,759 58,921
Business-

Domestic net sales

performed R&D/
sales ratio (%)

Company-funded R&D/
sales ratio (%)

2006 2007 2006 2007 2006 2007
All e 6,642,500 7,027,049 3.7 3.8 3.4 3.5
Highlighted industries... .. 2,530,579 2,602,127 7.7 8.0 6.7 71
Chemicals......ccoooevveiiieiiieecieeeeen 524,160 589,918 9.3 8.5 9.2 8.4
Computer and electronic
ProductS?.....c.ceeveeeieeiieciee e 612,885 699,520 7.6 7.9 7.5 7.9
Software and computer-related
SEIVICESP ...oeiiieeiee e esee e 376,638 304,952 9.0 11.2 8.7 10.9
Aerospace and defense
manufacturingC........c.cceeeveeneennnen. 243,110 263,321 11.2 11.5 4.9 5.1
R&D and related services®.............. 86,945 89,166 24.3 25.5 171 18.0
Automotive manufacturinge............ 686,841 655,250 2.4 2.4 2.4 2.4
All OtNET ..o 4,111,921 4,424,922 1.3 1.4 1.3 1.3

L = lower-bound estimate; NA = not 